Introduction
One of the most spectacular successes in financial innovation since the advent of financial futures is probably the creation of Exchange Traded Funds (ETFs). As index funds, they aim at replicating the performance of their benchmark indices as closely as possible. Contrary to conventional mutual funds, however, ETFs are listed on an exchange and can be traded intradaily. Issuers and exchanges set forth the diversification opportunities they provide to all types of investors at a lower cost, but also highlight their tax efficiency, transparency and low management fees. All of these features rely on a specific "in-kind" creation and redemption principle: new shares can continuously be created by depositing a portfolio of stocks that closely approximates the holdings of the fund and similarly, investors can redeem outstanding ETF shares and receive the basket portfolio in return. Holdings are transparent since fund portfolios are disclosed at the end of the trading day.
ETFs were introduced on U.S. and Canadian exchanges in the early 90s. In the first several years, they represented a small fraction of the assets under management in index funds. However, the 132% average annual growth rate of ETF assets from 1995 through 2001 (Gastineau, 2002) illustrates the increasing importance of these instruments. The launching of Cubes in 1999 was accompanied by a spectacular growth in trading volume, making the major ETFs the most actively traded equity securities on the U.S. stock exchanges. Since then, ETF markets have continued to grow, not only in the number and variety of products, but also in terms of assets and market value. Initially, they aimed at replicating broad-based stock indices, new ETFs extended their fields to sectors, international markets, fixed-income instruments and lately commodities. By the end of 2005, 453 ETFs were listed around the world for assets worth $343 billion. In the U.S., overall ETF assets totalled $296.02 billion, compared to $8.9 trillion in mutual funds 1 .
ETFs were initially developed in the U.S. by the American Stock Exchange (AMEX), but soon faced competition for trading. Before the NYSE ventured into ETFs, these securities were already traded on the Nasdaq InterMarket, regional exchanges, and the Island Electronic
Crossing Network. Though long opposed to this practice, for the first time in its history the NYSE began trading the three most active ETFs under Unlisted Trading Privileges on July 31, 2001. Moreover, the different trading venues also competed for listings. On December 1, listing from the AMEX to Nasdaq. More recently, on July 20, 2005, Barclays Global Investors announced the transfer of 61 iShares ETFs to the NYSE from the AMEX.
Even though they received extraordinary press coverage, few academic researches were devoted to the study of ETFs prior to 2000. This only with the spectacular growth ETFs experienced since the launch of Cubes that a more extensive literature focused on these securities. ETFs are in competition with existing index securities: index component stocks, index futures and options contracts and naturally, index mutual funds and closed-end funds.
ETFs may be primarily seen as highly redundant assets that should not affect the prevailing established equilibriums. Nonetheless, their success suggests that they filled a gap in investors' needs. The considerable trading volume is likely to impact the markets for the related securities. Research in ETFs is built on the basis of three main topics, all studied from an empirical viewpoint:
-does the ETF specific structure allow for more efficient index fund pricing?
-do ETFs represent a performing alternative to conventional index mutual funds?
-what impact does the advent of ETFs has on trading and market quality with regard to index component stocks and index derivatives?
Other empirical studies also focus on ETFs and investigate diverse topics, such as competition between trading venues, the shape of the demand curve or the use of ETFs. Even though they are only loosely related, we will discuss these studies under the heading "other research related to ETFs".
In the following section, we start by providing an overview of the history of ETFs, from their creation in North-American markets to their more recent developments in the U.S. and
European markets. In section 3, we detail the mechanics of ETFs with a special focus on creation and redemption and present the ETF industry. The next four sections are devoted to the survey itself. In section 4, we look at the pricing efficiency of ETFs and compare it to that of closed-end funds, while in section 5 we examine the relative performance of ETFs over conventional index mutual funds. In section 6, we explore the impact the arrival of ETFs has on the market quality of the stock components of the underlying indices, the efficiency of index derivatives markets and the pricing discovery process for index prices. In section 7, we discuss other, less studied ETF-related issues. Section 8 concludes and presents directions for further research.
The History of ETFs

The Birth and Development of ETFs in North America 2
Depending on how restrictive the authors are in their definition, ETFs as we now know them were first introduced in the early 1990s, either in Canada (with the TIPs that were first traded in 1990) or three years later in the U.S. (with the SPDRs). However, the ability to trade a whole stock basket in a single transaction dates further back. Major US brokerage firms provided such program trading facilities as early as the late 1970s, particularly for the S&P 500 index. With the introduction of index futures contracts, program trading became more popular. As such, the opportunity to develop a suitable instrument allowing index components to be negotiated in a single trade became increasingly interesting.
In 1989, the American Stock Exchange and the Philadelphia Stock Exchange started trading Index Participation Shares (IPS). These synthetic instruments were aimed at replicating the performance of the S&P 500 index, among others, but they had characteristics similar to those of futures contracts. Despite significant interest from investors, IPS had to stop trading after the lawsuit by the Chicago Mercantile Exchange and the Commodity Futures Trading Commission (CFTC) was won. As futures contracts, IPS had to be traded on a futures exchange regulated by the CFTC.
The first equity-like index fund, the Toronto Index Participation units (TIPs), was introduced on the Toronto Stock Exchange on March 9, 1990. Tracking the Toronto 35, they were traded on the stock exchange and were characterized by extremely low management fees, given that the fund manager was authorized to loan the stocks held by the fund, for which demand was usually high. This product was followed in 1994 by HIPs, based on the broader TSE-100 index. Despite the huge success of these securities, their very low expense ratios finally made them too costly for the exchange and its members. TIPs and HIPs were terminated in 2000 3 . In 1993, after three years of dispute with the SEC, the American Stock 2 A more exhaustive presentation of the premises and early development of ETF-like products and ETFs in the US and Canadian markets can be found in Gastineau (2001 Gastineau ( , 2002 and Blank and Lam (2002 Bogle (2004) . This makes Cubes, a passive investment instrument, the most i60 Fund based on this new index, the first ETF managed by Barclays Global Investors. Biktimirov (2004) analyzes the conversion of the remaining assets to examine the effect of demand on stock prices. 
ETF Trading
ETFs are hybrid instruments combining the advantages of both open-end unit trusts and closed-end funds. They combine the creation and redemption process of the former with the continuous stock market tradability of the latter. Conventional mutual funds must typically buy back their units for cash, with the disadvantage that investors can only trade once a day at the net asset value 7 (NAV) computed after the close. Moreover, the trustee needs to keep a fraction of the portfolio invested in cash to meet the possible redemption outflows. Closedend funds avoid this so-called "cash drag" as investors who wish to exit the fund can trade it throughout the day on exchanges. However, as no further creations and redemptions are allowed, excess offer or demand for closed-end funds may result in significant premiums or discounts with respect to their NAV. An innovative structure has been set up for ETFs. They trade on the stock market on a continuous basis, but shares can also be created or redeemed 7 NAV is defined as the market value of the securities held less liabilities, all divided by the number of shares outstanding. directly from the fund. The efficiency of the ETF specific dual trading system essentially relies on the in-kind creation and redemption process that is only available to institutional investors. We will first describe the ETF trading structure and then present the different players in the ETF marketplace.
The ETF Trading Process
ETF trading in the major marketplaces around the world closely resembles the system that was set up in the AMEX for SPDRs. The basic idea the original designer of ETFs, Nathan
Most, had was to organize ETFs as commodity warehouse receipts with the physicals delivered and stored, whereas only the receipts are traded, although holders of the receipt can take delivery. This "in-kind" creation and redemption principle has been extended from 
i. Creation of New Shares
Only authorized participants (APs), typically large institutional investors who have an agreement with the fund sponsor, are allowed to create new shares, in blocks of specified minimal amounts called creation units. Creation units vary in size from one fund to another, ranging from 25 000 up to 300 000 shares. Most ETFs have creation units of 50 000 shares, which represents an amount 500 times the dollar value of the index underlying the ETF. APs deposit the corresponding pre-specified stock basket plus an amount of cash 8 into the fund and receive the corresponding number of shares in return. For some ETFs, creation is allowed in cash but the APs then incur higher creation fees to account for the additional cost of the transactions that the replication of the index requires. Consequently, ongoing shareholders do not bear the cost of the entry (or exit) of new shareholders.
ii. Redemption of Outstanding Shares
Shares are not individually redeemable. Investors can ask for redemption only by tendering to the trust shares in creation units. Typically, the operation is done "in-kind".
Redeemers are offered the portfolio of stocks that make up the underlying index plus a cash amount in return for creation units. As is the case with creation, some funds may redeem ETF units in cash under specific terms, such as delays or costs. Fund authorized participants
Primary market (institutional investors)
2. Secondary market (institutional and retail investors) institutional and individual investors can buy and sell shares in the secondary market like ordinary stocks at any time during the trading day. As such, there is no fee payable for secondary market purchases or sales, but secondary market transactions are subject to regular brokerage commissions. Negotiating on the secondary market is subject to local exchange regulations. However, as index funds, ETFs typically need to receive a number of exemptions to trade like common stocks, and the launch of ETFs has generally been accompanied by the creation of dedicated market segments with their own specific rules.
In the U.S., the ETF structure could not exist under the Investment Company Act of 1940. Gastineau (2002) reviews the exemptions necessary for ETFs to exist and operate. The major exemptions are related to the permission for the "in-kind" creation and redemption process to occur only in creation units and the permission for shares to trade throughout the day at a price different from its NAV. Generally, ETFs also receive exemptions from the Securities and Exchange Act of 1934 so as to permit short-selling on a down tick, for example. In European markets, exemptions are generally embedded in the dedicated market segment regulations. On NextTrack, Euronext's dedicated market segment, besides the conventional information referring to the fund, admission to trading new ETFs is essentially subject to the nomination of at least two liquidity providers 9 , although Euronext is organized as a pure order book market. Moreover, specific trading halts have been required for ETFs listed on Euronext Paris since French laws stipulate that Index Funds must trade at a price that does not deviate from their NAV by more than 1.5% 10 .
The Importance of "In-Kind" Creations and Redemptions
Since an ETF may be negotiated on two markets, it has two prices: the NAV of the shares and their market price. The first price is the value per share of the funds holdings computed at the end of each trading day. The second depends on the supply and demand for shares on the indicative NAV, it could be profitable for APs to buy ETFs in the secondary market, take on a short position in the underlying index stocks and then ask the fund manager to redeem the ETFs for the stock basket before closing the short position at a profit.
Another major advantage of the "in-kind" process relies on the receipt and delivery of the stock basket with its weightings specified so as to replicate the underlying index. As they need not sell any stocks on the exchange to meet redemptions, ETF fund managers can fully invest their portfolio. Moreover, creations do not yield any additional costly trading within the fund. In the U.S., "in-kind" operations are a non-taxable event, making the ETF structure seem particularly tax efficient. When confronted with massive redemptions, which often occur in bull markets, classical funds must sell their stock, resulting in taxable capital gains.
When requesting redemption, APs are indifferent to the cost basis of the stocks they receive in return for the shares since their basis is the price at which they first delivered the stocks for the creation of the ETF shares. The ETF sponsor thus has the ability to deliver the stocks with the largest embedded capital gain. Historically, Dellva (2001) reports almost insignificant capital gains delivered by ETFs with respect to conventional mutual funds.
As efficient as it may be, this process is not sufficient to ensure a perfect replication of the underlying index. Changes in the composition of the index and constraints on the use of dividends and management fees induce some tracking error. Constraints depend on the legal structure chosen for the fund, but they generally remain low. Some structures allow the use of derivatives to ensure replication, whereas others restrict the holdings to the stocks that make up the index 11 . Loaning securities held by the fund might be permitted and is all the more profitable as the fund turnover is low and demand for its constituting stocks is high. This may help reduce management fees and expense ratios. Dividends are generally paid quarterly or half yearly. Their value includes the cumulated dividends delivered by the underlying stocks, less management fees, bringing the NAV back to the initially specified multiple of the index (usually 1/10 th or 1/100 th ).
ETF Market Participants
Besides the index providers that develop and provide licences for existing or new indices, ETF players are the stock exchanges, sponsors and trustees, ETF authorized participants, market makers and investors on the secondary market.
Stock Exchanges
A stock exchange's first task upon entering the ETF business is to define admission to trading conditions and trading rules in conjunction with market authorities and regulators. NAVs are computed and disclosed at the end of the trading day, along with the composition of the creation and redemption stock baskets.
Moreover, exchanges usually undertake marketing and educational activities to benefit investors. However, the role of stock exchanges is not limited to these regulatory and operating aspects. More specifically, the exchanges generally select which ETFs will be listed in the last resort. 
Sponsors and Trustees
underlying index or benchmark as closely as possible. However, in the U.S., before an ETF is admitted to trading on a stock exchange, it must pass through the SEC's exemptive process since no set of rules exists to allow firms to launch such an instrument. When a sponsor wants to cross-list his ETFs in multiple markets, the full prospectus may eventually be rewritten since, even though regulations are similar, as in Europe, different information may be needed or different presentation formats may prevail according to the country. The prospectuses provide information on the risks associated to the index replicating scheme. They also contain various information, including the list of shareholders, legal representatives and directors of the ETF's management company, the terms and conditions of the product and the way it operates. More specifically, the creation and redemption conditions are fully detailed.
Replicating the performance of the underlying index is an objective, but not a mandatory one.
Prospectuses include a tracking error objective, but specify that it may not be achieved.
Holdings management is broadly limited to adjustments caused by changes to the index, managing dividends and creating new shares or redeeming outstanding shares. ETFs are extremely transparent since the information on the holdings and their value as well as the number of outstanding shares must be reported to the exchange and then made public.
Fund Authorized Participants and Market Makers
Although theoretically opened to all investors, the ETF primary market practically aims at the funds managers and authorized participants. Fund managers whose role has already been briefly described are responsible for issuing and redeeming trackers. Authorized participants have the fund manager's permission to request share creation and redemption, generally in multiples of the creation units. All investors requesting that creation units be created or redeemed must place an order with an AP. APs may be simple investors in the ETF fund or act as market makers on the secondary market. As with the AMEX, most ETF marketplaces have specialists or market makers. One major difference with stock markets specialists is their ability to create or redeem shares to manage their inventory risk. They play an essential role in the efficient pricing of ETFs through possible arbitrage between the ETF primary and secondary market as well as with the underlying index futures and options markets.
Retail and Institutional Investors on the Secondary Market over classical mutual funds. Investors need not redeem their shares to exit the fund, they can simply sell them on the market. Depending on the market and the ETF, the secondary market may be dominated either by institutional investors and APs or by retail investors. Trading ETF shares on the secondary market is organized in the same way as regular stocks, with the possible difference that there are specialists and market markers posting bid and offer prices even on order-driven markets. Short-selling, even on a down tick, and margin buying are usually allowed and ETFs may be eligible to block trades and other trading facilities.
ETFs of Different Kinds
a. Differences in Legal Structure
The ETF legal structure primarily depends on which exchange it is listed on. Security Although HOLDRs are sometimes referred to as ETFs, such exchange-traded grantor trusts cannot be considered as such according to strict definitions of the term. They are more similar to owning the underlying shares, since investors keep the right to vote shares and to receive dividends. However, such funds do not track independent indices, given that the stocks to be included in the fund are selected based on objective criteria once the industry sector, or more generally the group of securities, has been chosen. New shares can then be created and outstanding shares can be cancelled against the delivery of the stock portfolio.
The included stocks are fixed and cannot be changed even though some of the basket components are acquired by other companies.
b. Differences in the Underlying Indices
ETFs were initially meant to replicate broad-based stock indices. However, as the instrument became more familiar to investors, the universe of ETFs expanded progressively to replicate indices built around sectors, countries or styles. The process continued with the launch of fixed-income, commodity and finally currency ETFs. 
ETFs Pricing Efficiency
The specificity of ETF trading is based on the creation and redemption process we presented in the previous section. Exchanges and sponsors claim that this structure necessarily brings a high pricing efficiency to the ETF market. Pricing efficiency is a major concern since trading in index funds has long been at the root of the most intriguing puzzles in finance: the closed-end fund discount. Although fund holdings are made public and the NAV is disclosed at least daily, closed-end funds generally trade at a discount to NAV. Conventional explanations for the closed-end fund puzzle 13 include biases in NAV calculation, agency costs, tax inefficiency and market segmentation. However, none of these theories can explain the full set of anomalies associated with the pricing of closed-end funds. One must forego the rational expectation framework to encompass these anomalies in a single theory. The limited rationality model developed by Lee, Shleifer and Thaler (1991) shows how the behaviour of individual investors can explain the puzzle. Misperception leads to overreaction, and the unpredictability of variations in investor sentiment makes arbitrage risky. Most of the empirical tests support this investor sentiment theory.
In contrast to closed-end funds whose capitalization is fixed, ETFs are characterized by a variable number of shares in issue. APs can ask the fund to create new shares or redeem outstanding shares with no impact on market prices and thus should be able to quickly arbitrage any deviation of the price to the NAV. No specific model that integrates the ETF arbitrage process has yet been developed. However, some empirical studies test the ability of the ETF structure to ensure efficient pricing in the U.S. ETF market. Using closing data, Ackert and Tian (2000) show that discounts on the price of SPDRs had no economic significance between 1993 and 1997, even though individual investors were the primary investors in the fund. They measure larger discounts for the MidCap SDPR based on the S&P 400 index. This confirms the hypothesis that limits to arbitrage cause deviations given that this ETF is likely to have higher arbitrage costs due to higher fundamental risk, transactions costs and lower dividend yield associated with its benchmark index. Discounts remain very low compared to those observed on closed-end funds and excessive volatility is only observed for MidCap SDPRs. Hence, the ETF specific structure lessens the impact of noise traders since rational traders can more easily arbitrage deviations to the NAV. ETFs. Elton, Gruber, Comer and Li (2002) show that deviations to the NAV do not persist from day to day. The fact that trading volume is linked to premium and discount values supports the claim that the arbitrage mechanism is responsible for this efficiency. Engle and Sarkar (2002) examine the magnitude and persistence of discounts both daily and intradaily.
On average, they find that ETFs are efficiently priced since only small deviations were seen, lasting for only a few minutes. The daily results of Curcio, Lipka and Thornton, Jr. (2004) confirm those of Ackert and Tian (2000) . From an intradaily perspective, their study of transaction size proves that, even if individual investors seem to be the primary holders of SPDRs and Cubes, they account for less than one half of the trading volume. Some economically significant discounts are found, but these are very short-lived and can be attributed to institutional arbitrage activity.
The structure is the same for all ETFs but, in the case of country ETFs, the arbitrage mechanism is somewhat inhibited by non-overlapping trading hours between ETFs and their underlying index component stocks. Engle and Sarkar (2002) find that deviations to the NAV are greater and more persistent for the 16 country-ETFs sample compared to the 21 domesticETFs sample. Though imperfect, the existence of the creation/redemption process along with the high transparency of the funds holdings appears to enhance price efficiency. In effect, deviations remain smaller in magnitude (around 100 basis points on average with a maximum of 211 bps) than those generally observed for comparable closed-end country funds (often greater than 10%). Jares and Lavin (2004) Madura and Richie (2004) , who find reversals in prices that support the hypothesis that informed traders arbitrage overreacting investors. The measured reversals are insignificant for broad-based ETFs, but are more pronounced for international ETFs. Simon and Sternberg (2004) also find significant premiums and discounts at the end of the day and overreaction for European ETFs traded on the AMEX. Hence, if the trading system appears to enhance pricing efficiency for traded funds, some inefficiency seems to remain for ETFs replicating illiquid or foreign benchmarks.
ETF Performance
Marketing for ETFs, presented as a low-cost alternative to traditional mutual funds, has always focused on their low management fees and expense ratios. As ETFs attracted more and more cash, fierce competition between ETFs and mutual funds led to the fee war described in Dellva (2001) and Bogle (2004) . Fidelity and Vanguard progressively lowered their fees and after an almost ten-year fall in expense ratios, they are now at a historical low with 10 basis points and still less for Vanguard major funds. Broad-based ETFs generally display annual expense ratios of 20 basis points or less. Recently, the expense ratio for SPDRs was lowered from 0.12% to 0.10% while Barclays' iShares S&P 500 fees are set at 0.09%.
The expense ratio comparisons used as a competitive tool by issuers are obviously in favour of ETFs. However, such direct comparisons are too simplistic since they omit ETF trading costs and relative tracking performance over mutual funds.
Dellva (2001) and Kostovetsky (2003) compare both types of funds based on total costs supported by investors. ETFs generally have lower expense ratios. Investors incur transaction costs when they buy and sell ETFs while there is no supplementary cost for trading no-load mutual funds. Taxes are also of importance to taxable investors. As registered investments companies, mutual funds and ETFs must both distribute capital gains to their shareholders. If mutual funds are considered tax-friendly investments, this is even truer of ETFs. Actually, ETF managers do not need to sell shares to meet redemptions as creations/redemptions are done in-kind. More, they can also redeem shares with the higher tax basis. ETFs distribute almost no capital gains but, overall, Dellva (2001) finds that trading costs are typically higher than expense ratios and tax savings for small investors. However, as the invested amount increases, ETFs become more profitable than mutual funds, even for short-term investment of two or three years. Kostovetsky (2003) goes one step further by quantitatively modelling the difference in cost both in a single and multiple periods setting. He also finds that there is a threshold in the amount invested over which ETFs dominate mutual funds. However, both studies assume that there is no tracking error for both types of funds although it is well known that the replication of the benchmark index is rarely, if ever perfect.
Replication strategies cannot always be perfect. Even if most times fund holdings mimic the index composition, when it changes, fund managers must trade to adjust their holdings.
The related transaction costs and possible flaws in the replication strategies induce tracking error. Elton, Gruber, Comer and Lee (2002) evidence an average 0.28% annual underperformance for SPDRs relative to the S&P 500 index over the 1993-1998 period.
Moreover, SPDRs do not favourable compare with major index mutual funds: annually, the Vanguard mutual fund that replicates the S&P 500 index yields on average 0.18% more than the SPDRs. These results are confirmed in the study by Poterba and Shoven (2002) Depending on the assumptions made about the integration of the different markets, theoretical models predict opposite effects. In the framework of perfectly integrated markets, Subramanyam (1991) and Gorton and Pennacchi (1993) model the strategic behaviour of traders who can choose to trade either in the basket stock market or the underlying stocks market. Subramanyam (1991) demonstrates that the basket security market most probably serves as the lowest-cost market for the index. Adverse selection costs are lower on the market for the basket in which the firm-specific private information is diversified. In Gorton and Pennacchi's (1993) model, liquidity traders will prefer the basket market as it enables them to build their portfolios at a lower cost. Hence, the proportion of informed traders negotiating the individual securities increases, which results in higher adverse selection costs.
In Fremault (1991) and Kumar and Seppi (1994) , markets are assumed to be imperfectly integrated. The introduction of a basket instrument removes some of the obstacles that limited arbitrageurs from establishing profitable portfolios. Information asymmetry across markets and arbitrage costs will tend to decrease, attracting new arbitrageurs. Arbitrage activity and competition between informed traders will increase and result in higher liquidity in the individual securities market. Hedge and McDermott (2004) transpose these predictions to the introduction of ETFs. On the one hand, the migration of liquidity trading from the stock market to the ETF market could deter the liquidity of individual securities. On the other hand, if ETFs facilitate arbitrage trading, their introduction would increase arbitrage activity and enhance both the liquidity of the underlying stocks and the efficiency of the derivatives markets. Two contrasting theories on how the introduction of ETFs modifies the established equilibriums can be tested: the "adverse selection hypothesis" and the "arbitrage hypothesis". The number of studies on this issue is still limited, but we will nonetheless divide the discussion into three parts. We will
first review the studies that analyze to what extent ETF trading affects the quality of the underlying index component stocks. Then, we will look at the research that tests what impact the introduction of ETFs has on derivatives markets efficiency. Finally, we will consider works that measure how the index pricing discovery process is influenced by the high ETF trading levels.
ETFs and the Market Quality of Their Underlying Stocks
The Similar, but less significant results are obtained for the introduction of Cubes.
The study of Madura and Richie (2005) on the introduction of Cubes supports the arbitrage hypothesis. First, there is evidence of a decrease in the spreads of Nasdaq 100 index components over the three months following the introduction of Cubes compared to the preceding three-month period. Second, the decrease in the spread is all the more significant as the weight of the stock is low. This result supports the role of ETFs in the measured decrease.
Passive fund managers need not invest in all securities to replicate the index. Rather, they use sampling techniques and limit their activity to the top holdings. In contrast, arbitrageurs investing in ETFs through the in-kind creation/redemption process must transact the full hundred-stock portfolio. Among these stocks, the less weighted stocks experience the largest increase in liquidity. Third, the introduction of Cubes was followed by an increase in the pricing efficiency of the individual stock and a significant decline in systematic risk. Yu 
ETFs and the Efficiency of the Underlying Index Derivatives
In complete and perfect markets, arbitrage relationships tightly constrain the price of derivatives with respect to their underlying asset. On real markets, with the existence of friction and trading constraints, futures (Chung, 1991; Miller, Muthuswamy and Whaley, 1994) and options (Kamara and Miller, 1995) prices can fluctuate around their theoretical value without giving rise to arbitrage opportunities. Arbitrage relationships only impose bounds that widen with the prevalence of friction. As Ackert and Tian (2000) note, the advent of ETFs removes some of the obstacles that prohibited arbitrageurs to enter in efficiencycreating trades in index derivatives markets. Besides the possibility of shorting the index, even on a downtick, ETFs should lower both trading costs and the liquidity risk of building an index position. Moreover, in the imperfectly integrated market framework of Fremault (1991) and Kumar and Seppi (1994) , the advent of ETFs should increase inter-market arbitrage data, which eventually allows differences in the persistence of efficient value distortions to be tested. Futures markets distortions are defined with respect to cost-of-carry prices, whereas the put-call parity relationship is the main benchmark for theoretical option values even though other arbitrage relationships such as the lower boundary or constraints on spreads may set efficiency boundaries. Overall, though futures market studies highlight an improvement in inter-market efficiency, evidence for a similar pattern in the options market is mixed. Park and Switzer (1995) test how TIPs, the very first ETF listed on the Toronto Stock Exchange, impacted the efficiency of the Toronto 35 index futures market. Using closing data, they find a reduction in arbitrage opportunities both in terms of frequency and value.
The authors interpret this result as evidence that the TIPs lowered arbitrage costs and thus attracted more arbitrage activity. Switzer, Varson and Zghidi (2000) draw the same conclusion from the reduction in mispricings measured after SPDRs were introduced. Nonsynchronous prices do not explain the improved efficiency observed since the pattern is obtained both with daily and hourly data. As for the advent of Cubes, Kurov and Lasser (2002) work with one year of transaction data concerning the near maturity of Nasdaq-100
futures. Whatever the assumed transaction cost levels, both the size and frequency of deviations decrease once Cubes are traded. Kurov and Lasser also conduct ex ante tests that consist in building the arbitrage portfolios only after an ad-hoc period has elapsed. They However, further analysis shows that this improvement cannot be directly attributed to ETF trading. Rather, the introduction of ETFs increased the liquidity of the underlying stocks which may have attracted new arbitrage activity, thus tightening the spot-futures pricing relationship.
In contrast, there is no clear evidence of improved efficiency in the options markets.
Their efficiency seems to improve over time, as evidenced by Ackert and Tian (1998) the French market by Deville (2003 Deville ( , 2005 for the launch of CAC 40 index ETFs. The improvement of all market efficiency measures that rely on put-call parity supports the notion that ETFs improve the efficiency of the options market. Moreover, the duration of deviations drops twofold with the introduction of ETFs. Deville and Riva (2006) confirm the importance of ETFs in enhancing inter-market efficiency through a survival analysis approach. The existence of ETFs is found to be a major determinant of the process that drives prices back to values compatible with efficiency.
ETFs and Price Discovery
With the creation and development of index futures, the cash market for component stocks has gradually lost its prominence in index trading. Empirically, for U.S. broad-based indices, studies that explore the dynamics of index prices show that the futures markets incorporate information more rapidly than the stock markets. However, significant, but weaker effects are measured from the latter to the first market. ETFs allow indices to be traded throughout the day at low cost and may appear to be more convenient trading vehicles than futures for smaller orders and liquidity traders. A question that naturally arises from this is whether futures contracts remain the lead instrument in the price discovery process. A byproduct of the studies on price discovery is the insightful information they provide on where uninformed and informed traders trade.
Despite the introduction of SPDRs, Chu, Hsieh and Tse (1999) show in a Vector Error
Correction framework that price discovery still takes place on S&P 500 futures. SPDRs only make a small contribution to the common factor, but more so than the spot market. Since the study is based on the ETFs' first year of trading, it is necessary to view these results with some caution. SPDRs only began to exhibit a high trading volume years later. Over the The results obtained by Henker and Martens (2004) contrast with the view that derivatives and ETFs are the leading instruments. They follow Hasbrouck's (1995) methodology to assess the discovery process for two liquid HOLDRs from January to July Consequently, Sector SPDRs are unattractive to informed traders.
More Studies Devoted to ETFs
ETFs are often presented as an alternative, either interesting or not, to other index instruments, mutual funds and derivatives. Literature on ETFs mostly takes the same perspective. ETF performance is compared to that of index mutual funds and their efficiency to that of closed-end funds. Their trading is essentially analyzed for the impact the advent of ETFs has on the efficiency of the related index markets. However, ETFs trade like stocks and a few studies started to transpose security market issues to ETFs. In particular, Boehmer and Boehmer (2003) and Tse and Erenburg (2003) trading centres did not result in market fragmentation or increased trading costs. Boehmer and Boehmer (2003) confirm these results for the entire 30-ETF set that began trading on the NYSE. Post-NYSE liquidity is higher compared to pre-NYSE figures both in the entire market and different market centres. Further analysis supports the hypothesis that ETF market makers earned significant rents prior to the NYSE entry. However, in his discussion of Boehmer and Boehmer (2003) , Peterson (2003) suggests that these results are also consistent with a segmentation hypothesis in which traders migrate to the market offering the best liquidity for their trades. Nonetheless, competition appears to enhance overall market liquidity without impeding the price discovery process. Competition between exchanges for ETF listings caused Cubes to switch their listing from AMEX to Nasdaq on December 1, 2004, with a change in ticker from QQQ to QQQQ. Broom, Van Ness and Warr (2006) show that even when trading already takes place in different market venues, the location of the primary 15 An Unlisted Trading Privilege (UTP) is a right, provided by the Securities Exchange Act of 1934, that permits securities listed on any U.S. securities exchange to be traded by other such exchanges. 16 Boehmer and Boehmer (2003) note that, in early 2001, Cubes, Spiders and Diamonds generated an average daily trading volume of about $5 billion all together.
listing is an important determinant of trading activity since the move resulted in a decline in trading costs, a consolidation of order flow and a less fragmented market.
ETFs are of particular interest in the study of the shape of the stock demand curve since non-informational events regarding individual stocks are likely to occur for these securities.
Such events may be regular as is the case for in-kind creations and redemptions studied by Arshanapalli, Switzer and Arbesfeld (2002) The natural properties of country-ETFs for international diversification are studied by Pennathur, Delcoure and Anderson (2002) . They find that the international iShares series efficiently replicates its foreign index benchmarks. However, its potential for diversification is limited due to of a high degree of exposure to U.S. equity markets. Miffre (2004) nonetheless insists on the specific advantages country-ETFs have over conventional mutual and closed-end country funds: short-selling on a downtick, low costs and tax efficiency, to name but a few. Investors are thus able to achieve superior diversification with ETFs as long as they invest significant amounts. Amenc, Malaise and Martellini (2004) measure the performance of a dynamic core-satellite approach based on fixed-income ETFs. However, ETFs only serve illustrative purposes and no empirical comparison with other investment vehicles is provided.
Conclusion and Perspectives
ETFs are open-end index funds that trade like regular stocks on exchanges. They combine the features of conventional mutual funds and closed-end funds since new shares can be continuously created or redeemed and outstanding shares trade throughout the day on exchanges. They were initially launched in North-American markets in the early 1990s and new listings on exchanges led to more than 450 different ETFs being traded around the world with steadily increasing assets under management. What is even more spectacular is the growth in trading volume these instruments have generated. In the U.S., major ETFs are more traded than any other security. European ETF markets are younger, but they exhibit similar tendencies, with fierce competition both between issuers for new cash and between exchanges for order flow. Their success raises the issue of the organization of mutual fund trading.
Research on ETFs mostly focuses on their efficiency and performance as well as on their impact on the other index markets. Compared to closed-end funds, the specific in-kind creation and redemption process ensures a higher degree of pricing efficiency. Nonetheless, the advantages inherent to the in-kind process do not help ETF managers provide higher performance over the least-cost no-load index mutual funds. Overall, the advent of ETFs enhances the liquidity of the individual stock making up the benchmark indices and the efficiency of index derivatives markets. Finally, ETFs play a significant, though not prominent role in the price discovery process.
Despite the increasing importance of ETFs markets, literature on these topics is still scarce, although research perspectives are promising. For example, European and Asian ETFs markets are very active, but remain an almost untouched research field. The empirical, but also theoretical questions of competition between marketplaces and between ETFs tracking the same index still need to be investigated. Regulatory issues should also be included in future research as the evolution of ETF markets may lead markets and regulators to adopt new rules. This has already been the case for the so-called trade-through rule exemption implemented by SEC for ETFs studied by Hendershott and Jones (2005) . Finally, new types of ETFs, such as the recent commodity ETFs, are launched on a regular basis and a study has yet to examine their specificities, trading or uses for fixed-income ETFs and ETF derivatives.
